The genome of the European brown hare syndrome virus (EBHSV), a calicivirus related to rabbit haemorrhagic disease virus (RHDV), was fully sequenced. It was 7442 bases long and contained two ORFs. In RHDV, the 5' large ORF (ORF1) is predicted to encode a polyprotein precursor to the non-structural and capsid proteins. The small ORF (ORF2) encodes a predicted protein of 12 kDa. Alignment of sequences of EBHSV and RHDV showed 71% nucleotide identity; the changes were uniformly scattered over the whole 9enome. Minor differences could be detected when comparing two EBHSV sequences~ indicating that EBHSV could vary to the same extent as RHDV. Four cleavage sites previously identified on the RHDV polyprotein were conserved in EBHSV. These sequencing data clearly show that EBHSV and RHDV share a similar genomic organization and confirm that EBHSV and RHDV are two distinct members within the family Caliciviridae.
European brown hare syndrome (EBHS) was first described in 1980 in Sweden (Gavier-Widen & Morner, 1991) and successively in several European countries (Henriksen el aI., 1989; Chasey & Duff, 1990; Marcato et at., 1991; Morisse et aI., 1991) . The disease causes high mortality in both wild and captive hare populations (Lepus europaeus and L. timidus), which develop severe necrotic hepatitis. In 1984, an outbreak of a contagious disease of rabbits (viral haemorrhagic disease of rabbits, RHD) emerged in China and the disease showed The sequence data reported in this paper have been submitted to the GenBank and EMBL databases and assigned the accession number Z69620.
significant similarities with EBHS in its epidemiology, symptomatology and pathological lesions.
Furthermore, electron microscopy investigations on hare liver extracts revealed virus particles morphologically identical to RHDV. A single major structural protein of approximately 60 kDa has been detected in both viruses (Capucci et aI., 1991; Chasey et a/., 1992) . Moreover, the demonstration of antigenic relatedness by serological tests (Capucci et al., 1991; Wirblich et al., 1994) and by experimental cross-transmission of the diseases (Morisse eta]., 1990; Capucci et aI., 1991; Chasey et al., 1992) have confirmed that the viruses are related.
The genome of RHDV, identified as a calicivirus, consists of a positive-sense ssRNA of about 7"5 kb including two ORFs (Meyers et al., 1991a; Rasschaert et al., 1994) . The large ORF (ORF1) encodes a polyprotein which, after cleavage, produces a number of non-structural proteins (including a 2C-like helicase, a 3C-like protease and a 3D-like polymerase) and the capsid protein (VP60). The small ORF (ORF2) encodes a protein of 12 kDa. One subgenomic RNA of 2-2 kb is synthesized in hepatocytes of RHDV-infected rabbits in addition to genomic RNA. The 16 nucleotides of the 5' end of this subgenomic RNA are very similar to those found at the 5' end of the genomic RNA and both RNAs are covalently linked to a protein, VPg (Meyers eta] ., 1991b). Most of the capsid protein might be translated from the 2"2 kb sRNA but it has been suggested that a fraction of the virus capsid could also result from proteolytic cleavage of a precursor encoded by ORF1 (Parra et al., 1993; Boniotti et al., 1994; WirbIich eta] ., 1995; Alonso et al., 1996) .
Recently, partial cloning and sequencing of the EBHSV genome (2"8 kb at the 3' end) have been reported . Nucleotide alignment of this sequence with the corresponding RHDV sequence showed 70"5 % similarity. This partial sequence contained the complete capsid protein gene preceded by the putative RNA-dependent RNA polymerase gene. Two RNA species were also isolated from the liver of EBHSV-infected hare: a genomic and a subgenomic RNA of 7"5 and 2-2 kb, respectively. This paper reports the completion of sequencing of the EBHSV genome. genomes revealed the same organization, in which the nonstructural polypeptides and the capsid protein were encoded in the same ORF. The relationship between the conserved sequences and their potential role in the replication of EBHSV and RHDV are discussed. EBHSV (EBHS-GD) was isolated from livers of captive hares that died during an EBHS epizootic. The methods used were essentially those described previously (Rasschaert et aL, 1994) . Virions were semi-purified on a sucrose cushion and the RNA was extracted directly from the virus pellet. The purified RNA was then reverse-transcribed into double-stranded cDNA with oligo(dT)15 as a primer and a cDNA library was constructed by insertion of resulting double-stranded cDNA in Sinai-cut pUC 19 vector. The insert length of 20 randomly selected clones was estimated and the extremities of the longest insert (clone pUH 9-26) were directly sequenced using universal and universal reverse primers. Thereafter, the 2200 base insert of clone pUH 9-26, located by comparison with RHDV sequence at the 3' end of the EBHSV genome, was used as a probe for screening the library. Among the selected clones, the nucleotide sequence extremities of the six longest overlapping inserts, in pUH clones 4--6, 5-5 7, 10-92, I0-89, 4-89 and 6--91, were determined and compared with the RHDV genome ( Fig. 1 ). Three clones, pUH 4-89, 9-26 and I0-92, possessed a poly(A) tail. Hybridization with pUH 5-57 allowed no further identification of clones extending toward the 5' end of the genome. Then, another cDNA library was constructed using oligonucleotide 42 (5' P-CTTGTTGGTACACCTGAAGG 3') as a primer and eight clones were selected by the genome walking technique. As the 330 nucleotides of the 5' end were not found in the pUH library, PCR amplification was carried out with EBHSV primer 129 (5' P-TCTAGAGGATCCGCTGCTTCATTAGCCAT-CTTC 3') and RHDV primer 52, homologous to the 5' end RHDV sequence (5' TCTAGAGGATCGTGAAAGTTATG-GCGG 3'). PCR was performed in a volume of 100 I11 containing 1 x PCR buffer, 40 gM each dNTP, 100 pmol each primer and 2"5 units of Tub DNA polymerase (Amersham) for 30 cycles at a hybridization temperature 10 °C lower than the T m of the weakest primer. The amplicons were then cloned in a pBluescript vector (pBU 3-2; Fig. 1 ). As the genome extremity was directed by the RHDV primer during the (1996) in the ORF1 polyprotein.
The empty boxes show the other potential EG dipeptides cleavage sites present in EBHSV and/or RHDV polyprotein. Amino acid changes between EBHS-GD and the previous partial EBHS sequence are indicated above the sequence. The alignment was generated by using the Gap program (Devereux et al., 1984 iiiiii{iiiiiiiiiiiii! !i{iiiii{ii iiiii iii ili iii iii!iiiiiiii ii amplification of the pUH 3-2 insert, the 5'-terminal sequence was obtained by PCR amplification of homopolymer-tailed cDNA. For this purpose, the cDNA was synthesized using oligonucleotide 160 (5' P-ACCACACGCGCGTATGTA 3') as a primer and was tailed with poly(dG) in a 50 p,1 tailing mixture containing 200 mM-cacodylate buffer pH 7"2, 1 mMCoCI~, 0"1 mM-DTT, 100 I~g/ml BSA, 1 mM-dGTP and 40 units of terminal deoxynucleotidyl transferase (Gibco-BRL) at 37 °C for 90 min. The mixture was then purified using a QIAquick Spin PCR Purification Kit (Qiagen) and subjected to PCR amplification as described above with oligonucleotides 160 and 2888 (5' TTCTAGAATTCGAT(C)12 3') as primers. Two independent amplicons (pcrA and pcrB) were obtained and their extremities were directly sequenced using primer 159 (5' TTCTTCTTCGTTGTCAAGGTCCGC 3'). Finally, 10 overlapping clones were sequenced by the shotgun strategy after subcloning into M13 phages (Fig. I) . The DNA was sequenced using an Automated Sequencer ABI-373 (Applied Biosystems) and sequencing data were analysed with the Microgenie program (Beckman). The resulting complete sequence, determined on both strands using at least two independent clones, was 7442 nucieotides long.
Two ORFs were predicted from the EBHS-GD nucleotide sequence, a large ORF1 (nucleotides 9-7010) at the 5' extremity and a short ORF2 (7006-7351) at the 3' end. ORF2 overlapped ORF1 by 5 bases and was followed by a 92 nucleotide non-coding region. Alignment of the EBHS-GD and RHDV-SD sequences using the GAP program of the GCG suite (Devereux eta] ., 1984) indicated a nucleotide identity of 71%. The differences consisted of base substitutions uniformly scattered over the sequence. Eight non-frameshifting modifications (five deletions and three insertions) were iden{'ified in the coding region. Only one insertion and one deletion were observed in the non-coding region. Comparison of the EBHS-GD sequence with the published partial sequence of EBHSV revealed 96'5% identity. Of these changes, 86 % were transitions and 14 % were transversions.
As described for RHDV, the 5' non-coding region is very short (8 nucleotides). Meyers eta] . (1991 b) showed that the 16 nucleotides at the 5' end of the RHDV genome were homologous to an internal sequence located just upstream from the AUG initiation codon (nucleotides 5305-5308) of the capsid protein and corresponded to the 5' end of the subgenomic RNA. Similarly, we observed high conservation of the 5'-terminal nucleotides with an intragenomic sequence in EBHSV (Fig. 2a) . These results strongly suggest that the subgenomic RNA, also found in EBHSV-infected livers, begins with this sequence.
The 3'-terminaI untranslated region in EBHS-GD was 92 nucleotides long, versus 59 for RHDV-SD. This observation is consistent with the large variation in length of this non-coding region in caliciviruses (Seal eta] ., 1994) . However, a common feature is the specific nucleotide composition: both sequences are constituted mainly of A-T, with very little C, Such AT-rich terminal regions have been described for the San Miguel sea lion virus, the feline calicivirus and Norwalk virus (Neill, 1992; Jiang et al., 1993) and their predicted secondary structures have been analysed (Seal et al., 1994) . No significant similarities between EBHSV and RHDV genomes were detected in this region, except for the last 22 nucleotides at the 3' end (Fig. 2 b) . The three substitutions found in these nucleotides do not destabilize the stem of the predicted secondary structure, emphasizing the suspected role of this structure in a potential interaction with the virus polymerase during the RNA replication (Seal e~ aI., 1994) .
ORF1 encodes a polyprotein of 2334 amino acids, with a predicted molecular mass of 256 kDa, encompassing the nonstructural and the capsid proteins. Amino acid alignment of EBH&GD and RHDV-SD polyproteins shows 78% identity and 87% similarity (Fig. 3) . By analogy with picomaviruses and as described for RHDV, conserved motifs typical of 2C-like helicase (517-GAPGIGKT-524), 3C-like protease (1203-GDCGLP-1208, H-1220) and 3D-like RNA polymerase (1417 -LKDEL-1421 , 1949 -GLPSG-1953 , 1596 -YGDD-I599, 1645 -FLKR-1648 were identified. Data on the processing of the RHDV poIyprotein by the 3C-like protease identified three EG cleavage sites ( 718-719, 1108-1109, I759-1760) and one ET site (I251-1252) (Wirblich eta] ., 1995; Alonso eta]., 1996) . Examination of the EBHSV polyprotein revealed eight EG dipeptides, seven of which were common with the 10 found in RHDV. Three of these seven corresponded to previously identified cleavage sites (Fig. 3) . Moreover, three EG dipeptides, exclusively found on the RHDV polyprotein, were substituted by EE (54-55), DA (344-345) and PG (768-769) on the EBHSV polyprotein. Another amino acid change concerned the fourth RHDV site (ET) involved in cleavage at the C terminus of the protease. This site, poorly cleaved by the protease, is replaced on the EHBS-GD sequence by an EN dipeptide which was reported to be cleaved with a similar efficiency (Wirblich eta]., 1995) . Interestingly, a new potential EG site was observed on the EBHSV sequence corresponding to an ES dipeptide in RHDV. As shown by Wirblich et at. (1995) , the substitution of S for G did not affect the efficiency of cleavage. The ability of the 3C protease to cleave this EG dipeptide should be tested to determine if it could be involved in the subsequent processing of the polyprotein.
Amino acid alignment of the two EBHS isolates (EBHS-GD and the partial sequence of EBHSV; WirbIich et aI., t994) showed seven amino acid differences in the 794 amino acids covering the RNA polymerase-capsid protein region (99% identity). Our results showed that the non-structural proteins were not affected by a higher level of change than the structural proteins. A similar observation has been made for several RHDV isolates in which amino acid sequence variations did not exceed 2 % (Rasschaert et a] ., 1994) .
Wirblich et al. (1994) proposed dividing the family Caticiviridae into three groups on the basis of genomic organization and processing of the capsid protein. Our data on
